The problems associated with organic solventborne coatings have provided an impetus for developing and utilizing alternative coatings. including waterborne. high solids. powder, and radiation-cured formulations. This paper addresses the technical, economic, and environmental implications of each alternative and discusses the constraints and benefits of using the alternative coatings.
INTRODUCTION
In the post, most Coatings were organic solventborne. However. industrialists and suppliers are beginning to realize the following problems associated with this type of coating:
.
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3.
4.
5.
. 7 .
Rising costs of petroleum-based organic solvents. Hazardous wastes produced from the combination of organic solvents and other coatings' components. Comprehensive Environmental Response. Compensation, and Liability Act (CERCLA) liability and Resource Conservation and Recovery Act (RCRA) regulations that mandate decreases in volume and toxicity of hazardous waste. Components leach from waste repositories and Contaminate ground and surface water.
Oegrodotion of air quality due to release of volatile organic compounds (VOCs) into the environment. Worker health problems from exposure to solvent vapors. Flbmmable or explosive solvents which impact worker safety and increase fire insurance costs.
For these reasons. industrialists and coatings suppliers hove begun to devote ottention to the development. testing, and utilization of olternotive coatings. organic solvents.
They hove focused on materials and material applications which have less or no T h i s a r t i c l e explores some of t h e a l t e r n a t i v e s and experiences of i n d u s t r i a l i s t s who have changed from a heavy r e l i a n c e upon o r g a n i c solventborne
c o a t i n g s t o waterborne. h i g h s o l i d s , powder. and r a d i a t i o n -c u r e d c o a t i n g s . This a r t i c l e addresses t h e t e c h n i c a l , economic, and environmental advantages and disadvantages o f each a l t e r n a t i v e as i t is a p p l i c a b l e t o t h e m i n i m i z a t i o n of t h e
use o f organic solventborne coatings and t h e subsequent r e d u c t i o n i n hazardous waste Droduction.
ALTERNATIVE COATINGS Waterborne Coatings
New waterborne c o a t i n g s have e s s e n t i a l l y t h e same components as conventional organic solventborne c o a t i n g s . except t h a t t h e c a r r i e r s o l v e n t i s p r i m a r i l y water. D e s p i t e t h e name "waterborne." organic ca-solvents a r e almost always added t o a i d w e t t i n g . c o n t r o l v i s c o s i t y . and d i s p e r s e t h e pigments. and a r e t y p i c a l l y present i n amounts o f 5 t o 20 pepcent. When used far m e t a l f i n i s h i n g . waterborne c o a t i n g s d i s p l a y p r o p e r t i e s of r e s i s t a n c e t o chemicals and weathering. d u r a b i l i t y , g l a s s r e t e n t i o n , and toughness s i m i l a r t o those o f conventional solventborne c o a t i n g s .
Today's waterbornes a r e a v a i l a b l e w i t h most major r e s i n systems, i n c l u d i n g epoxies, p o l y e s t e r s . a c r y l i c s , alkyds, v i n y l a c e t a t e / a c r y l i c s . s t y r e n e a c r y l i c s , and p o l y ' i n y l acetates.
.TIn o r d e r t o meet EPA r e g u l a t i o n s , many automotive p r o d u c t i o n f a c i l i t i e s have r e c e n t l y converted t o waterborne c o a t i n g s f a r p a i n t i n g a c r y l o n i t r i l e butadiene s t y r e n e ca-polymers (ABS).
N a r y l . nylon.
polycarbonate. and miscellaneous metal p a r t s , p r i m a r i l y t h o s e used i n t h e i n t e r i o r s of a u t a m o b i l e s . ( l )
Waterborne a c r y l i c and p o l y e s t e r thermosetting coatings.
because of t h e i r goad c a l o r and glass, s t a i n and s a i l r e s i s t a n c e , and modest c a s t , a r e g r a d u a l l y r e p l a c i n g organic solventborne c o a t i n g s f o r metal f i n i s h i n g . (2)
Same of t h e advantages of waterborne c o a t i n g s a r e : ( 3 . 4 . 5 )
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Hazardous waste production i s decreased o r e l i m i n a t e d , thereby a s s i s t i n g f i r m s t o comply w i t h t h e waste r e d u c t i o n requirements o f t h e RCRA 1984 amendments. VOC emissions decrease, thus making i t e a s i e r f o r f i r m s t o comply w i t h Clean A i r Act standards. T o x i c i t y and odor o f coatings a r e reduced, r e s u l t i n g i n improved worker s a f e t y and comfort. reduced r i s k s under OSHA, and compliance w i t h t h e 1984 RCRA ammendments t h a t urge manufacturers t o reduce t o x i c i t y . Insurance c a s t s a r e reduced due t o decreased f i r e hazard. Clean-up o f uncured coatings can be performed w i t h water. Mast e x i s t i n g a p p l i c a t i o n equipment and techniques can be used, w i t h minimal d i s r u p t i o n t o p r o d u c t i o n , A i r -d r y o r law-bake waterborne coatings can save energy. Waterborne c o a t i n g s a r e l e s s dependent an petrochemical-based s o l v e n t s . Waterborne c o a t i n g s can be a p p l i e d over solventborne c o a t i n g s and aver e l e c t r o d e p o s i t e d c o a t i n g s .
Coatings have a good storage l i f e .
Same disadvantages of waterborne c o a t i n g s o r e : ( 6 . 7 , 8 )
1.
Cost exceeds organic solventborne coatings by 15 t o 20 percent on a per g a l l o n b a s i s .
2.
Good housekeeping i s required: cleanup must be done before aversprays o r s p i l l s a r e allowed t o c u r e .
Because waterborne c o a t i n g s do n o t d r y t o t h e touch as q u i c k l y as organic solventborne coatings, they a r e more s u s c e p t i b l e t o d i r t pickup. This necessitotes careful filtrotion of incoming spray booth air. and overhead conveyors moy need to be replaced because of their potential for dropping dirt.
Protection from freezing is often required.
Lower transfer efficiency is achieved using airless electrostatic spray. Non-corrosive piping and corrosion-resistont panels in ovens and exhausts may be required. Stainless steel and polyvinyl chloride piping and panels ore alternatives. The lifetime of carbon Steel paint booths may be lessened, and other pointing system components moy need to be chonged. Flash-off times are longer and more criticol. Longer cure times may require changes in line speeds, oven settings. and coatings. Humidity and temperature control are usually required. Temperatures must be raised more slowly to evaporate the woter without pitting the cooting.
If the humidity is too high or the temperature is too low, the coating will sog on vertical surfaces.
If the humidity is too low and the temperature is toa high. the coating will not flow, causing it to peel. Waterborne coatings tend to foam. streak, and otherwise degrade with time. In chemical metal treatments, the metal must be rinsed extremely well, as any chemicals carried over to dip or flow coating operations may cause instability in waterborne paint. Because o f an apparent reduction i n lubricity, pumps ond other equipment with mechanical seals require more frequent repair. Waterborne coatings do not harden in water-wash particulate collectors, sa sludge handling is mare difficult.
Much research is being conducted to improve the properties of waterborne Coatings.
Far example, Deft, InC.. has developed new high performance, waterreducible, amine-cured epoxy primers that have an organic solventborne coating's water resistance and film properties.
Unlike conventional waterborne cootings, Deft's new coatings contain no emulsifiers or hydrophilic groups, which import permanent water sensitivity to the backbone of the binder system. ( 9 )
Examples of Industrial Use Xerox Corp. has completed the switchover to waterborne textured coatings both for in-house finishing and for contracted painting.
Advontages include: ( 1 ) EPA compliance: ( 2 ) energy savings: (3) easy cleanup; ( 4 ) cooting quality os good os or better than the previous organic solventborne coating; ( 5 ) savings in solvent costs; (6) the ability to coot different substrotes, including steel, structurol foam, other types of plastic, and even to recondition baked enamel epoxy, polyester and alkyd coatings. The Stanley Works of New Britain, CT. a leading manufacturer of quality hardware, has solved its environmental problem in the coating of steel shelf brackets by converting a dip system from organic solventborne to water-reducible enamel.
Advantages gained by the changeover include: ( 1 ) on 87 percent drop in solvent emissions; (2) dramatic decrease in solvent odors in the workplace: ( 3 ) elimination of a fire hazard; (4) simplified cleanup; ( 5 ) improved film properties; (6) decreased hazardous waste production. ( 1 1 ) A process development using waterborne cootings electrostatically opplied by on ultra-high-speed disc paint delivery system hos enabled Hofmann Industries. Inc., of Sinking Spring, PA, to increose production while reducing paint oversproy losses to almost zero.
Hofmonn Industries monufoctures welded steel tubing, prepoints tubing in 18 foot lengths, in 0 voriety of colors, ond then ships the pipes to customers for fabrication. . The new woterborne coating is so effective that it is not damoged by fabrication operations such os flaring. expanding, pointing, tapering, swaging, flattening, upsetting, threading. punching, bending, piercing, and machining. Other companies which hove successfully switched to woterborne coatings or waterborne coatings and solvents include Caterpillor Tractor Compony ( 1 3 ) . Chevron USA Inc. (14), Elmont Industries ( 1 5 ) , and Control Dota ( 1 6 ) .
Hiqh Solids Cootinqs
The accepted definition of o high solids coating is one that meets o r exceeds EPA's requirements for compliance coatings: ( a ) 52 An extensive variety of resins used in high solids coatings is readily available.
The higher solids acrylics being introduced into the automotive market. for example. have excellent definition of image, and their durability is excellent when used in the typical automotive coating system.
But when used directly on metal. without a primer, adhesion ond corrosion resistance are poor. The polyesters used for general metal coating. however, provide properties similar to those of conventionol alkyds and acrylics.
There o r e also blends of olkydacrylic. alkyd epoxies. acrylic epoxies, acrylic polyesters. and epoxy-polyesters that provide properties with the attributes of both types of resins. In terms of comnercial use, air-dry, high solids coatings are now applied to farm tractors, combines, and implements; and on heavy construction equipment. offroad vehicles. railroad box cars, hopper cars, and general metal products. High solids coatings cured by baking ore used for appliances. extrusions, metal furniture. drums, switch gears, and many other items. In general, a high solids coating can replace almost any conventional organic solventborne coating. In general. the same washers and degreasers that hove been used to clean and pretreat metal for applications of low solids coatings may be used with high solids coatings.
The wetting ability of a high solids cooting is not quite as good since it cantains less solvent, but wetting and flow-control agents may be used in coating formulations to provide these properties.
Usually there are no special additional requirements i n metal preparation,
The following conventionol types of spray equipment con be used to opply high solids coatings: . air-atomize spray, airless sproy. airless electrostatic, medium. and high speed. However. dip, flow coat, and roller coat generally do not lend themselves to application of high solids coatings.
/ electrostatic bells--low, medium, and high-speed--and electrostotic discs--low, Some of the advantages of high solids coatings are: ( 2 0 , 21, 2 2 )
.
High solids coatings do not cause humidity or corrosion problems which are sometimes associated with woterborne coatings.
2.
The adoption of high solids finishes requires little or no capital investmnt for on existing finishing line. Changeover can be accomplished i n a relatively short period. High solids finishes con generally utilize existing metal-treotment facilities.
.
The use of high solids coatings results in reduced transportation costs; sixteen drums of 70 percent volume solids coating will finish the same omount os do 40 drums of a 28 percent volume solids coating.
This results in o 60 percent reduction in tronsportotion costs.
Physic01 volume occupied by high solids cootings is much less, thus freeing up more space for production.
Resin choracteristics of high solids coatings import rheological behovior that minimizes runs and sogs. resulting in reduced reject rates and improved efficiency. 6.
Low solvent content, as well os the nature of both the volatile ond nonvolatile portions of the coating. effectively I eliminate solvent popping.
High solids coatings display lower flash-off times.
Because of their greater flow, high solids enamels show excellent gloss compared to conventional finishes.
Some of the disadvantages of high solids coatings are: (23, 24)
1 .
2.
4.
.
Most high solids coatings do not air dry ot ombient temperatures, remaining tacky indefinitely wherever overspray l?inds--floors. walls. or nearby equipment. Good air flow into the booths and into the water curtoin con minimize the problem. Regular housekeeping is imperative. Since high solids coatings still show much greater viscosity change with temperature than do conventional finishes, a reasonably uniform temperature must be maintained.
Failure to do this can result in viscosity changes during the operating day as the paint heats up, causing higher paint delivery rates and increased film buildup. High solids coatings Seem to be much more susceptible to bleed-through of stains and mirroring of surface defects on the substrate. Because high solids films stay sticky or "open" until they are heated in the oven, they can pick up airborne particles, causing a rough finish. Good air quolity maintenance is essential as is controlling air movement within the flash-off zone. Because the paint film stays open until it is baked, it may have the tendency to sag and run on the part, building a thicker film on the "downhill" areas. Operator technique can Offset some of this effect by simply applying the paint a little heavier on the 'uphill" areas. 
2.
3.
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Initial efforts in using high solids coatings required the use of heaters to reduce viscosity for sprayability. Most high solids systems are now formulated for application at the EPA limits, and in most cases heaters are not required. The dependence upon heat to achieve spray viscosity has been greatly reduced. Initial high solids formulations were inferior to conventional finishes in cure response. Therefore, higher temperatures or longer dry times were often required, resulting in production delays or increased facilities requirements.
In the lost decade, improved formulations and catalysts have resulted i n high solids coatings which bake at lower temperatures and have shorter air-dry times. Initial high solids formulations were less tolerant of poorly prepared metal and evidenced craters, poor wetting, and metal streaking. Current high solids finishes have been formulated for better metal wetting. Metal pretreatment showthrough hos been eliminated in many formulations by reducing the system flow and by including additives which improve wetting. The latest high solids coatings have been revised to reduce spray viscosity.
They contain flow control agents ond thinners which result in smooth films with essentially no peeling while maintaining good sag resistance. The f i r m manufactures metal medicine c a b i n e t s , l i g h t i n g f i x t u r e s , range exhoust hoods, framed m i r r o r s , and a v a r i e t y o f o t h e r appliance-type products.
W i l l i a m A i s l e y . v i c e p r e s i d e n t o f operotions, r e p o r t e d . "Applying the comparatively expensive h i g h s o l i d s coatings, we were prepared f o r t h e worst u n t i l we discovered t h a t t h e h i g h e r s o l i d s content of t h e new c o a t i n g provided enough increased p r o d u c t i o n y i e l d t o a c t u a l l y c o n t r i b u t e a small, b u t welcome, decrease i n u n i t c o s t . " ( 2 6 ) P h i l P a r t i d a , a s s i s t a n t p l a n t monoger.
c i t e d two a d d i t i o n a l advantages o f t h e new h i g h s o l i d s a l t e r n a t i v e .
" F i r s t , os expected, t h e m a t e r i a l s seemed t o perform c o n s i s t e n t l y w e l l under a v a r i e t y o f atmospheric c o n d i t i o n s w i t h o u t r e q u i r i n g adjustment by adding solvents. This saves l a b o r and avoids measuring e r r o r s .
Second, s u r p r i s i n g l y , t h e new h i g h s o l i d s c o a t i n g seems t o have s u p e r i o r e l e c t r o s t a t i c a t t r a c t i o n and wraparound behovior." ( 2 7 )
Steelcase. I n c . , o f Grand Rapids, M I , redeived t h e 1983 N a t i o n a l Environmental I n d u s t r y Award f o r Excellence i n A i r P o l l u t i o n C o n t r o l f o r t h e company's tremendous s t r i d e s i n e l i m i n a t i n g hydrocarbon emissions from i t s spray p a i n t i n g process. 
The award acknowledged t h e company's t e n year research e f f o r t t o develop and use h i g h s o l i d s c o a t i n g s t o comply w i t h environmental
r e g u l a t i o n s . Steelcase, a major manufacturer o f o f f i c e f u r n i t u r e . reduced VOC emissions by 41 p e r
Other companies have experienced s i m i l a r successful t r a n s i t i o n s t o h i g h s o l i d s c o a t i n g s .
A new h i g h s o l i d s c o a t i n g system a t A r k l a I n d u s t r i e s . I n c . , E v a n s v i l l e , I N , has boosted r a t e s of f i n i s h i n g by 400 percent, reduced p o l l u t i o n .
provided b e t t e r pretreatment, and improved q u a l i t y . hazardous waste generation was a l s o s u b s t a n t i a l l y reduced.
Powder Coating
Powder c o a t i n g s c o n t a i n no solvents. thus e m i t t i n g n e g l i g i b l e v o l a t i l e organic s o l v e n t s t o t h e atmosphere.
Since oversprayed powder is recycled.
) ) .
The Powder Coating I n s t i t u t e ( P C I ) estimated t h a t n e a r l y 100 manual and automatic e l e c t r o s t a t i c powder c o a t i n g l i n e s were i n o p e r a t i o n as o f January.
1984.
These powder c o a t i n g l i n e s were u t i l i z e d i n 280 d i f f e r e n t types o f I n d u s t r i a l o p e r a t i o n s and consumer products, i n c l u d i n g major appliances; automotive t r u c k bodies, wheels, and under-the-hood p a r t s ; e l e c t r i c a l apparatus; a i r c o n d i t i o n i n g and h e a t i n g equipment: l i g h t i n g f i x t u r e s ; metal and o f f i c e f u r n i t u r e ; b u i l d i n g and a r c h i t e c t u r a l components. C a p i t a l c o s t s f o r a powder system are g e n e r a l l y l e s s than t h e 3.
4.
.
i Clean-up con be accomplished w i t h a squeegee ond a vacuum cleaner. Powder a p p l i c a t i o n booths spray from both s i d e s a t once, e l i m i n a t i n g one spray booth. F i r e hazards a r e g r e a t l y reduced, p e r m i t t i n g insurance premium savings.
The c o s t o f h e a t i n g t h e c u r i n g Oven i s l e s s than f o r o t h e r c o a t i n g systems s i n c e l a r g e volumes of t h e a i r a r e n o t exhausted from t h e oven t o remove s o l v e n t vapors. Powder a p p l i c a t i o n equipment r e q u i r e s o n l y about t w o -t h i r d s as
L o w -s k i l l e d l a b o r may be used because o f t h e s i m p l i c i t y of a p p l i c o t i o n .
Labor c o s t s a r e s a i d t o r u n about 30 percent lower than w i t h l i q u i d c o a t i n g systems. Epoxy and p o l y e s t e r powders produce a uniform. durable, and c o n s i s t e n t f i n i s h i n one c o a t , t h u s r e q u i r i n g no primer. Sags. d r i p s , and runs a r e impossible w i t h powder.
Some o f t h e dlsadvontoges of powder c o a t i n g are: (36, 37, 38)
1.
2.
3.
4.
5.
.
7.
Since new a p p l i c a t i o n equipment and booths may be required. 
t h e i n i t i a l c a p i t a l c o s t s f o r powder c o a t i n g s a r e h i g h as opposed t o t h e low
D i r t and l i n t a r e more d i f f i c u l t t o remove from reclaimed powder than from l i q u i d systems. The u t i l i z a t i o n of r o t a r y s i e v e s w i t h brushes, new f i l t e r media, and new powder c o l l e c t i o n techniques have improved t h e d i r t and l i n t problems, b u t improvement i n t h i s are0 is s t i l l needed. U n i t e d States manufacturers concentrate on b u l k powder p r o d u c t i o n because t h e i r operations o r e geared t o producing l a r g e q u o n t i t i e s .
A s o r e s u l t , t h e r e i s sometimes a l i m i t e d a v a i l o b i l i t y of c o l o r s and o d i f f i c u l t y i n o b t a i n i n g s m a
l l e r q u a n t i t i e s o f powder. Impact f u s i o n i s a c o n t i n u i n g problem.
The s e v e r i t y appears t o vary from product t o product and from one equipment manufacturer t o another.
Powder c o a t i n g s o f t e n evidence more p e e l i n g than conventional f i l m s , p a r t i a l l y due t o t h e i n a b i l i t y of t h e h i g h l y viscous melted powder t o f l o w t o o smooth surface. Explosion problems e x i s t s i n c e powder tends t o b u i l d up on powder hangers and hooks, i n c r e a s i n g t h e l i k e l i h o o d of sporks d u r i n g t h e e l e c t r o s t a t i c a p p l i c o t i o n .
An are0 of research c o n c e n t r o t i o n i n v o l v e s t h e production o f t h i n n e r coatings w i t h g r e a t e r impoct r e s i s t a n c e and improved postforming c a p a b i l i t i e s .
I n t h e next several years. powder coatings manufacturers expect to provide low-cure powders for application to plastic and wood substrates as well as high-speed curing processes that will significantly decrease production time. ( 3 9 ) Future economics look bright for powder coating in view of recent improvements in coating material components and in application equipment. These improvements include less expensive and easier to operate powder recovery equipment, thus facilitating faster clean-out ond color change; lower cure temperature and faster reactive powder coatings that permit faster line speed operation and less energy consumption; and a combination of better formulated powder material and more sophisticated automatic control systems providing on-line deposition of high quality decorative powder finishes of 1 . 2 mils or less. Powder material costs will also be least affected by rising petrochemical costs due to powder's high material utilization and absence of solvents or thinners.
( 4 0 )
In addition. hazardous waste management costs under RCRA and long term liability risks under CERCLA are reduced or eliminated. worker health risks are minimized, and oir pollution is virtually eliminated.
Powder coating technology has advanced in the last decade because of user demands and coatings suppliers' ability to recognize and satisfy them.
Some new developments are ( 4 1 ) :
Improved color change capabilities. Improved powder materials in more colors. Programmable controllers for outomotic variation of voltage, spray patterns, and powder flow. Multi-axis gun movers to control gun position and movement for the part being coated. Lance extensions for crevices to combat the Faraday cage effect.
On/Off cycling of spray guns to minimize puffing and surging.
Improved pattern distribution and film build. Increased first pass transfer efficiency.
Examples of Industrial Use
In 1980, Bergstrom Manufacturing Co. of Rockford, IL. begon investigating the possibility of switching from its electrostatic liquid coating system to an electrostatic powder system. High energy usage and increased difficulty in meeting environmental regulations, as well as dissatisfaction with a merely "average" finish, prompted the investigation. A manufocturer of custom-designed systems far vehicle heating, ventilating. and air conditioning, Bergstrom realized the following benefits from the new system ( 4 2 ) :
1 . 2 .
.
4.
.
6 . 7 . 8.
9.
10.
Improved coating quality and durability. Reduction in material and labor costs. Until 1977, the company used a conventional wet point system to coat jackets for its gas. electric, and solar heaters. Management's decision to switch to dry cooting was prompted by the potentiol for 0 dramotic cost savings that could be realized by eliminating pollution control equipment required for organic solventborne coatings.
The change resulted in a 50 percent increase in line speed, which was 
A c o a t i n g throughput f a r i n excess o f t h e o r i g i n a l design s p e c i f i c a t i o n s was adequately handled and is s t i l l being accomodated s e v e r a l months l a t e r w i t h o u t any breakdowns in t h e major components. (45) ,, Other companies have s u c c e s s f u l l y switched t o powder coatings.
I M C , I n c . in E l k h a r t . has undertaken i t s own metal p r e p a r a t i o n and c o a t i n g in t h e manufacturing o f aluminum windows, p a t i o doors, and bath enclosures. Powder c o a t i n g and a nonchrome conversion c o a t i n g produce no hazardous wostes, and t h e a l k a l i n e c l e a n e r is non-toxic and con be discharged t o t h e c i t y sewage system w i t h o u t pretreatment. 
IN switched t o a conveyorized powder c o a t i n g l i n e t o c o o t aluminum and s t e e l p a r t s f o r t r u c k body s t o k e racks. r e c r e a t i o n 0 1 v e h i c l e p a r t s and t r u c k toolboxes.
By d e p o s i t i n g a q u a l i t y powder c o a t i n g over o p r o p e r l y p r e t r e a t e d surface, I M C produces t o p q u a l i t y products, p r o t e c t s t h e environment, improves
.
Good performonce f o r c o a t i n g heot s e n s i t i v e substrates 3.
Low number o f p a r t s i n t h e process o t o given time. 4. Low i n VOC emissions.
Minimol s o l v e n t a t t o c k . 6 .
Minimol p r o d u c t i o n spoce r e q u i r e d . 7.
Low energy consumption.
Some o f t h e disadvantages o r e : ( 5 0 , 5 1 )
1. UV-cured c o a t i n g s o r e g e n e r o l l y l i m i t e d t o t h i n , c l e a r a p p l i c a t i o n s .
2.
M a t e r i a l h a n d l i n g requirements (hygiene. equipment) o r e a c o n s t r a i n t .
To g e t around t h i s disadvantage, UV-curables can be made w i t h t h e proper choice of component i n g r e d i e n t s ( l i t t l e o r no monomers, e t c . ) t o o f f e r h y g i e n i c p r o p e r t i e s comparable t o conventional single-component lacquers o r enamels t h a t a r e w i d e l y used i n i n d u s t r y .
UV-cured c o a t i n g s may r e q u i r e c o s t l y a c t i v o t o r s t o i n i t i a t e p o l y m e r i z a t i o n . 4.
A c t i v a t o r s i n UV c o a t i n g s con be t r i g g e r e d b y t h e UV rays i n o r d i n o r y l i g h t . 5. UV lamps generate s u b s t o n t i o l heat. which may domoge t h e r m a l l y s e n s i t i v e substrates.
While UV-curables a r e being used f o r c o a t i n g a v o r i e t y o f substrates, t h e i r usage over p l a s t i c i s s t i l l i n i t s infancy. Current and f u t u r e a p p l i c a t i o n s i n c l u d e s p u t t e r i n g over ABS and N o r y l .
c l e a r c o a t s over sheet molding compounds (SMC).
and hardcoats f o r polycarbonate.
(52) However, UV-curing f o r general i n d u s t r i a l products f i n i s h i n g i s s t i l l s u f f e r i n g from i t s i n t r i n s i c l i m i t a t i o n s .
I t is a " l i n e -o f -s i g h t " process and thus i s n o t r e a d i l y adaptable f o r c o a t i n g s on complex three-dimensional products.
While E l e c t r o n Beam Curing (EBC) i s a r e l a t i v e l y newer process, i t holds promise o f producing good c o a t i n g c h a r a c t e r i s t i c s and meeting t i g h t s p e c i f i c a t i o n s w h i l e decreasing energy usage, e l i m i n a t i n g s o l v e n t s , and r e q u i r i n g l e s s space thon c o n v e n t i o n a l thermal methods.
I n EBC. Same o f t h e advantages o f EBC are: (53) 1.
.
4.
5.
.
A t y p i c a l c o a t i n g u n i t r e q u i r e s 102,000 BTUlhr--or $3000 p e r year, compared t o a c o n v e n t i o n a l c u r i n g oven c o s t o f 1.000,000 BTU/hr o r $30,000 per year. P a r t s a r e n o t heated because t h e c o a t i n g is cured by t h e a c t i o n o f energized e l e c t r o n s .
n o t heat. Coatings on p l o s t i c p a r t s can be f u l l y cured a t room temperature. V i r t u a l l y instantaneous c u r i n g e l i m i n a t e s t h e need f o r o l a r g e c u r i n g oven.
There i s a l s o l e s s scrop on s t a r t u p . P o l y m e r i z a t i o n i s complete and f a s t . EBC c o a t i n g s on d e c o r a t i v e p l a s t i c f i l m s f o r f u r n i t u r e have e x h i b i t e d advantages i n abrasion r e s i s t a n c e . EBC c o a t i n g s can o f f e r r e s i d u a l m o n m r l e v e l s , an important c h o r o c t e r i s t i c f o r t h e photographic i n d u s t r y . EBC c o a t i n g s have h i g h b o i l i n g p o i n t s , and t h e r e f o r e g i v e o f f l i t t l e o r no vapor.
Explosion-proof equipment i s n o t r e q u i r e d , and EBC equipment is f u l l y s e l f -s h i e l d e d so t h a t no e l e c t r o n s can escape from t h e system. No VOC o r hazardous wastes p o l l u t i o n problems a r e created, and because t h e c o a t i n g s cure o n l y under e l e c t r o n beoms, p o t l i f e i s extended tremendously.
I n f a c t , c o a t i n g heods need n o t be covered, ond t h e need t o "wash up" t o avoid c o o t i n g hardening o v e r n i g h t i s e l i m i n a t e d . Chip r e s i s t o n c e and s a l t spray t e s t s performed by a Germon a u t o manufacturer on wheel topcoat show on improvement over c o n v e n t i o n a l Coatings. High g l o s s l e v e l s f o r cosmetic pockoging and g i f t wrapping ore achieved w i t h t h i n (112 m i l o r l e s s ) deposits.
Some o f t h e disadvontoges a r e : ( 5 4 )
1.
E l e c t r o n beams l o s e t h e i r energy r a p i d l y ; c u r r e n t machinery has a reach o f 8 inches from t h e window.
Although
sides, and some undercuts o f a workpiece, covered and i n t e r n a l surfaces cannot be cured by EBC.
As a general r u l e , EBC can c u r e what i t can 'see" d i r e c t l y .
2.
With c u r r e n t l y a v a i l a b l e c o a t i n g s , oxygen i n h i b i t s t h e e f f e c t i v e n e s s o f EBC and must be excluded from t h e r e g i o n beneath t h e beam.
A s p e c i a l f i x t u r e , f l u s h e d w i t h i n e r t gas, is r e q u i r e d .
3.
EBC equipment i s expensive. However, compared t o t h e t o t a l c o s t f o r equipment needed in a conventional system, EBC may have a c o s t advantage. Payback is estimated a t l e s s than two years f o r some a p p l i c a t i o n s .
4.
Coatings f o r EBC systems a r e n o t y e t r e a d i l y a v a i l a b l e . T h i s w i l l r e q u i r e c l o s e cooperation between t h e user and t h e c o a t i n g and equipment s u p p l i e r s . UV-cured c o a t i n g s a r e capable o f s e a l i n g p i t s and holes in SMC, which means l e s s r e j e c t s f o r p a r t s molded w i t h SMC. UV-cured c o a t i n g s have e x c e l l e n t c h i p r e s i s t a n c e .
which makes them i d e a l f o r lower body sidecoatings on automobiles.
UV-curing has a l r e a d y found some important a p p l i c a t i o n s and w i l l c o a t i n g s . T h i s t y p e o f c o a t i n g w i l l need considerable new developments and e x t e n s i v e promotion before i t becomes t h e choice f o r many f i n i s h i n g operations. U n t i l t h a t e f f o r t i s made, these c o a t i n g s w i l l remain, f o r t h e most p a r t , t h e choice o f s e l e c t f i n i s h e r s who want t o upgrade t h e i r c o a t i n g q u a l i t y no m a t t e r what t h e c o s t .
(55)
SUMMARY OF CONSTRAINTS AN0 CONSIDERATIONS I N CHANGING TO AN ALTERNATIVE COATING
Converting from a c o n v e n t i o n a l c o a t i n g t o one of t h e new a l t e r n a t i v e c o a t i n g s i s a complex problem.
I f c a r e f u l l y handled, however, t h e changeover t o a new f i n i s h i n g system o f f e r s many o p p o r t u n i t i e s beyond o n l y meeting t h e requirements o f environmental r e g u l a t i o n s . o r another t y p e o f c o a t i n g system depends on t h e product being cooted and t h e p r o d u c t i o n System p a r t i c u l a r t o each s i t u a t i o n .
Considerations such as t h e ones l i s t e d below a r e i m p o r t a n t c o n s t r a i n t s in determining whether on a l t e r n a t i v e c o a t i n g w i l l be a p p r o p r i a t e (56):
-R e f l e c t i v i t y -Hardness -Thickness -Corrosion r e s i s t a n c e 26. "Jensen General Chooses High-Solids A l t e r n a t i v e . " I n d u s t r i a l F i n i s h i n q , 58.
(1982).
e 27. w. 32. z .
33.
C e c i l , L . . "Appliances Go Powder, I' Products F i n i s h i n g .
51, 71
(1986).
34, "Powder Coating Comes o f Age." I n d u s t r i a l F i n i s h i n g , 61, 22 (1985).
